General Disclaimer 


One or more of the Following Statements may affect this Document 


• This document has been reproduced from the best copy furnished by the 
organizational source. It is being released in the interest of making available as 
much information as possible. 


• This document may contain data, which exceeds the sheet parameters. It was 
furnished in this condition by the organizational source and is the best copy 
available. 


• This document may contain tone-on-tone or color graphs, charts and/or pictures, 
which have been reproduced in black and white. 


• This document is paginated as submitted by the original source. 


• Portions of this document are not fully legible due to the historical nature of some 
of the material. However, it is the best reproduction available from the original 
submission. 


Produced by the NASA Center for Aerospace Information (CASI) 



a\'aifabl8 under NASA sponforgMjj 
i ‘ Jf(2 Intercsl of eorly i>ad V‘?ido ds- 
Ltjsiini'sn of Earlii n’isourccs Sur/fiy' 
Iii!f3ri:i3;?&n ORd diiioul |Jaiu,„i. 

':</ use mido ifmr^of," 


r?" 10 a 9 3. 

C-'H - / H ‘f f ?l 




scieNce 

AppiKXIflONS 

INCORpORQfeD 

rK77- 10093) CE AEBCSCI 

CONTENT IH THi ATKCSPhlBI BECK tSMCSAT DAIS 
Prooress Eepert, 1 Aug. 1976 - 31 Jan. 1977 
( 3 cx«„oe Appilcatics, Inc.) n f 


:N77~175U3 


Uncias 

GC^93 


^ O 



t^ECE'l VE'D 

FEB 04 1977 
SIS/902.6 


S'- 


-...i 

UsJ 














s^\ 

cs-4 








SAI-77-502-U 
February 1, 1977 


DETERMIHATIObl OF AEROSOL COMTENT 
IN THE ATMOSPHERE FROM 
LANDSAT DATA 


Progress Report Nos, 7 and 8 

Contract No. NAS5-20899 
I.D, Number 22260 


Period Covered: August 1 , 1976 to 

January 31, 1977 


Principal.Investigator : Dr. M. Griggs 


Science Applications, Inc 
P. 0. Box 2351 
La Jolla, CA 92037 


Prepared for; 

Goddard Space Flight Center 
SCIENCE APPLICATIONS.fAJQULA, CALIFORNIA 

ALBUQUERQUE • ANN ARBOR /• ARLINGTON • ATLANTA • BOSTON . CHICAGO • HUNTSVILLE 
LOS ANGELES • McLEAN • PAuO ALTO • SANTA BARBARA . SUNNYVALE * TUCSON 

P,Oi Box 2351, 1200 Prospect Strmt, La Jolla, California 92037 




ACCOMPLISHMENTS 


In this period, Volz measurements were made at San Diego; 
Volz data and Landsat digital data were analyzed for other sites, 
and the analysis of the raw data CCT's was completed. 

Landsat Data 

In this period digital data for nineteen Landsat 2 over- 
passes at San Diego, Salton Sea, Miami, Atlantic City, Barrow, 
and Adrigole have been analyzed; three Landsat 1 overpasses have 
been analyzed for San Diego. 

The Landsat 2 data are shown in Figure 1 for San Diego and 
the Salton Sea, and in Figure 2 for the other sites. A tabulation 
of all Landsat 2 data analyzed in the program to date is given in 
Table 1, The Landsat 1 data are presented in Figure 3 and in 
Table 2. 

Landsat 2 - San Diego and Salton Sea. The three points for 
San Diego ag^ee V7ell with the previous San Diego d^ta. Of the 
three Salton Sea points, two agree with the San Diego data (and 
two earlier -Salton Sea points) , but one appears high and In agree- 
ment with four earlier Salton Sea points. The reason for these 
five Salton Sea points showing apparently high radiance values 
is not clear. The conditions on these days did not appear dif- 
ferent from other overpasses, i.e. , no obvious water turbidity 
or sun glitter, which could produce higher radiances. The 
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possibility that the Volz reading is in error is discounted; 
also, it is unlikely that the atmospheric aerosol content would 
vary by about 0.5N (necessary for these radiances to agree with 
the other data) \between the Volz site on shore and the area 
analyzed, about 2 km off-shore. 

Landsat 2 - Adrigole. Only two sets of Landsat data were 
obtained for the period March to September 1976. The' first set 
of data (0.76N) shows excellent agreement with other Landsat 2 
data. This is of great interest since the point represents 
another body of water and Volz observations by another observer 
and instrument, suggesting that indeed the radiance-aerosol con- 
tent relationship can be applied globally. The second Adrigole 
point (2. OK) does not agree quite so well, with the radiance 
being lower than expected. This is probably explained by the 
presence of a veil of cirrus over the area, which is clearly 
visible in the B&W print, although the Volz observer reported 
only 0.5 cloud cover, and the fact that t’.e Volz reading was not 
taken precisely at the time of the overpass. The value of 2. ON 
was linearly interpolated from measurements of 1.85N two hours 
before the overpass and 2.05N one hour after; of course, with 
the presence of clouds considerable error can occur in the inter- 
polation. 




Landsat 2 - Barrow. During the March- September 1976 
period there was considerable cloud cover at the time of the 
overpasses, and the body of water near the Volz site was frozen 
over most of the time. One overpass has been analyzed, and the 
digital data for one more are on order. Unfortunately, the one 
overpass analyzed does not provide a valid set of data for this 
investigation since the closest body of water was about 40 km 
from the Volz site, due to the presence of ice. Hence it is 
likely that the aerosol content over the water was different from 
that measured (0.5 IN) with the Volz photometer. The radiances, 
shown in Figure 2, appear high in each MSS channel, and would 
look more reasonable if the aerosol content were about 1.25N. 

Landsat 2 - Atlantic City. Six sets of data have been 
analyzed for the period March- September 1976, and one set is on 
order. These data are for high aerosol contents, with five of 
the six overpasses being greater than 2.3N. The points generally 
arc as anticipated, although the 1.79N, 2.35N radiances tend to 
be somewhat low in all MSS channels, and the 3.38N radiances 
appear low in MSS 5, 6 and 7. These radiances are measured over 
a reservoir (approximately 300 x 2000 m) near the Volz site rather 
than over the ocean or a large body of water, The tendency tov7ard 
lower radiances is surprising since radiances generally are higher 
rather than lower due to water pollution effects. Also for this 
site the small area of water is surrounded by land which has a 
higher reflectivity than water and would tend to increase the 
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observed radiance. The results for this site suggest that it 
might be possible to determine the aerosol content over small 
bodies (with unpolluted water) in urban areas. 

Landsat 2 - Grand Prairie. No data were analyzed for this 
site due to the presence of water turbidity in the lake near the 
Volz site. Apparently this lake (Mountain Creek Lake) is quite 
muddy and sometimes clearly shows high chlorophyll content. On 
the basis of this and the Landsat B&W prints received for this 
site, it appears that this lake is not useful in this investigation. 

Landsat 2 - Miami. The results for four overpasses are 
sho\m in Figure 2. No results are shown for MSS 4 and 5 since 
the ocean is clear and shallow at this site, and bottom reflect- 
ance increases the observed radiances in these channels. The 
radiances in MSS 6 and 7 agree quite well with the expected values, 
although they may be slightly lower; this is probably due to the 
very clear water, i.e. , there is no water turbidity enhancing the 
radiance as probably occurs to some degree at all sites. Other 
Miami overpasses were not analyzed since we are essentially ob- 
taining useful data for only one channel, since MSS 7 is subject 
to calibration errors as shown in previous discussions on the raw 
data tapes (Progress Reports 5 and 6) . 

Landsat 2 - Kadena AB. Landsat data were obtained for two 
overpasses at this site in the March -Sept ember 1976 period; un- 
fortunately no Volz data were obtained. 
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Landsat 2 - Anderson AB. No Landsat data were obtained 
for this site in the March- Sept ember 1976 period. Volz data 
were obtained on just three occasions. 

Landsat 2 - LACIE Sites. There appear to be thirteen 
coincidences of Volz measurements and Landsat data for these 
four NASA-Houston sites. However, not all the Volz data have 
yet been received, and no calibration data for the radiometers 
are presently available. Dr. Pitts of NASA hopes to have these 
available by the end of February 1977. 

Landsat 1 - San Diego. Three more sets of data for San 
Diego overpasses were analyzed, and are presented in Figure 3 
together with previously reported recent Landsat 1 data. In 
general the Landsat 1 data show quite good agreement with the 
relationships found in our original Landsat 1 investigation, 
although with slightly more scatter about the mean straight lines. 

Raw Data Tapes 

Two more raw tapes for 10-31-75 and 12-6-75 were received 
from GSFC, and have been analyzed. The results, shown in Table 3, 
confirm that the low radiance values in MSS 7 differ significantly 
between the raw and corrected tapes. It is concluded, if raw data 
tapes were used, that the MSS 7 radiance-aerosol content relation- 
ship for Landsat 2 would show a linear relationship similar to 
that of Landsat 1. 


TtEPRODTJCIBILnY OF mL 
IB POOR 


5 



Figure 1. Radiance vs. Aerosol Concenc for Landsac 2, 

San Diego and Salcon Sea (• San Diego ; 

X Salcon Sea; - Linear Regression for San Diego) 
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Figure 2, Radiance vs. Aerosol Content for Landsat 2, 

Other Sices (o Miami i • Atlantic City; O Barrow; 
+ Adrigole; - Linear Regression for San Diego) 
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Figure 3. 

Radiance vs. Aerosol Content for Landsat 1, 1975-76. 

(o • San Diego; A Grand Prairie; o Atlantic City; 

_ Mean of Landsat 1 Data, 1972-73) 
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TABLE 1. LANDSAT 2 DATA 


'swnm 


Date Sun 

cos 

Zenith 

Volz 

Normalized 

MSS Radiance 


MSS4 

MSS 5 

HSS6 

MSS7 

3-30-75 

.73 

.7 IN 

2.59 

1,38 

.75 

.50*^ 




2.68 

1,17 

.59* 

.71* 

5-5-75 

.84 

I.ION 

3.03 

1.59 

1.12 

.86 

7-16-75 

.85 

1.31N 

3.16 

1.74 

1.18 

.71 

8-21-75 

.80 

1.19N 

3.13 

1.67 

1.07 

* 

.61 

9-26-75 

.71 

1.35N 

^.19 

1.74 

1 . 05 

. 60* 

10-14-75 

.64 

.64N 

2.53 

1.26 

.74 

,55*^ 

11-1-75 

.57 

.53N 

2.50 

1.20 

.71 

.58'*' 

11-19-75 

.50 

.46N 

2,39 

1.20 

.69* 

.60+ 

12-25-75 

.42 

.74N 

2.50 

1.35 

.82 

.eo"^ 

4-11-76 

.73 

1.07N 

3.11 

1.61 

.97 

.56“ 

4-29-76 

.82 

1 . 34N 

3.03 

1.62 

1.11 

.73 

6-22-76 

.86 

.92N 

2.39 

1.36 

.82 

.50'’* 

SaLToN' sea 







5-22-75 

.85 

1.35N 


No CCT Available 


6-9-75 

,87 

1.41N 

3.20 

1.81 

1.19 

.65 

6-27-75 

.87 

.82N 

2.43 

1.35 

.78 

.43* 

10-31-75 

.57 

.54N 

2.69 

1.61 

.98 

.58'’‘ 

11-18-75 

.52 

l.llN 

3.14 

1.99 

1.25 

.73* 

12-6-75 

.45 

.54N 

2.61 

1.50 

.88 

.61+ 


Count <1.0 
^Count 0 
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§ALt6N SEA. . .continued 


Normalized MSS Radiance 


Date 

Sun Zenith 

Volz 

MSS4 

MSS 5 

MSS 6 

MSS 7 

3-23-76 

.69 

.77N 

2.58 

1.70 

.96 

.51"^ 

4-10-76 

.77 

1.13N 

3.25 

1.97 

1.33 

.74 

5-16-76 

.85 

.95N 

2.63 

1.59 

.99 

.55* 

6-3-76 

.86 

1.31N 

2.91 

1.66 

.98 

.48* 

4-12-76 

.66 

.76N 

2.68 

1.29 

.75 

.54+ 

8-17-76 

.71 

2 . OON 

3.20 

1.83 

1.12 

.62* 

BARROW 

7-18-76 

ATLANTIC 

.73 

ClTY 

.5 IN 

3.16 

1.66 

.90 

.56+ 

4-18-76 

.77 

3.38N 

4.33 

2.55 

1.82 

1.17 

4-19-76 

.78 

2.89M 

4. 66 

2.74 

1.89 

1.47 

6-12-76 

.91 

2.35N 

3.07 

1.82 

1.45 

1.00 

7-18-76 

.88 

1.79N 

2.71 

1.59 

1.14 

.83 

8-22-76 

.83 

2.96N 

4.26 

2.48 

1.97 

1.36 

8-23-76 

.82 

2.90N 

4.19 

2.48 

2.05 

1.42 

MIAl'II 

4-2-76 

.77 

1.47N 

— 

— 

1.03 

.55* 

4-20-76 

.82 

1.31N 

— 

— 

.96 

.59* 

6-30-76 

.90 

1.60N 



,94 

.46* 

8-5-76 

.88 

1.73N 


_ 

1.02 

.60" 


"Count <1.0 
"^Gount 0 


TABLE 2. UNDSAT 1 DATA 


iSan Dififib 


Normalised MSS Radiance 


Date 

Sun Zenith 

Volz 

MSS4 

MSS 5 

MSS6 

MSS 7 

10-23-75 

.59 

.95N 

3.71 

1.59 

.92 

.56 

12-16-75 

.41 

.38N 

2.48 

.74 

,38 

.08' 

4-20-76 

.74 

1.27N 

3.39 

1.43 

.75 

.33 

5-8-76 

.79 

1 . 06N 

3.34 

1.37 

.74 

.41 

MIAMI 







1-9-73 

,55 

1.57N 

--- 

— 

1.03 

.45 

4-9-73 

.8: 

1.84N 

— 

— 

1.12 

.77 

8-21-7.5 

.79 

1.35N 

— 

--- 

1.06 

.63 

9-8-75 

.77 

1.39N 

“-rr 

— 

.97 

.57 

AI’LANTiC 

~cTn 






8-19-75 

.75 

1 . 55N 

3.15 

1.54 

.94 

. 64 

GRAND PRAIRIE 






10-9-75 

.64 

1.56N 

5.53 

3.50 

1.69 

.72 


"Count <1.0 



TABLE 3 


Date 

Channel 

Radiances 

Corrected 

n ' 

(raw/cm /ym/sr) 
Raw 

10-31-75 

MSS 4 

2. 83 

2.80 


5 

1.70 

1.69 


6 

1.03 

.96 


7 

.61 

.40 

12-6-75 

MSS 4 

2.61 

2.60 


5 

1,50 

1.52 


6 

.88 

.90 


7 

.61 

.22 


SIGNIFICANT RESULTS 


There are no significant results to report in this period. 


PUBLICATIONS 


A presentation of the results of this investigation was 
given at GSFC on October 19, 1976. 

RECOMMENDATIONS 

No changes in the program appear necessary at the present 

time. 
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